ABSTRACT Background: Unlike other psychological correlates of weight status, emotional eating (EmE) has received relatively limited attention in the literature. Objectives: We aimed to examine the association between the EmE score and weight status and the influence of sex and dieting on this association. Design: A total of 8580 men and 27,061 women aged $18 y who participated in the NutriNet-Santé cohort study were selected in this cross-sectional analysis. Self-reported weight and height, EmE scores of the revised 21-item version of the Three-Factor Eating Questionnaire, and dieting status data were collected. The relation between EmE and weight status was estimated by using multiple linear and logistic regression models adjusted for sociodemographic and lifestyle factors. Interactions of EmE with sex and dieting history were assessed. Results: Median EmE scores were greater in women than in men and in former or current dieters than in subjects without a history of dieting. Strong associations appeared between the EmE score and weight status in most categories of sex 3 dieting status. The strongest associations between EmE and weight status were observed in women, particularly in never dieters [body mass index slope (95% CI): 2.61 (2.43, 2.78); overweight OR (95% CI): 5.06 (4.24, 6.05)]. Conclusions: These observations support the existence of an association between EmE and weight status. The effect modification of sex and dieting on the EmE score and on the association of the EmE score with weight status should be taken into account in obesity prevention.
INTRODUCTION
Obesity has reached epidemic proportions throughout the world and is one of the leading public health issues in many countries (1) . The influence of psychological traits on food consumption and weight control has clearly been shown. In particular, negative emotions have been associated with either an increased or a decreased food intake (2) . Intense emotions tend to inhibit rather than stimulate food intake (3) . Physiologic adaptations to negative emotions prepare for a fight-or-flight response including bloodstream glucose release that, in turn, suppresses feelings of hunger (4) . By contrast, an increase in the motivation to eat in response to negative emotions has also been observed (5) . Various mechanisms have been suggested that include impairment of cognitive eating control, emotion congruent modulation of eating, and eating to regulate emotions (5) , as observed in so-called emotional eaters (6) .
Emotional eaters are likely to overeat in response to emotions rather than respond to internal satiety and satiation cues. This type of behavior seems to be more frequent in overweight subjects (7) . Results of the few studies that addressed emotional eating (EmE) 4 have shown a relatively consistent positive association with weight status by using either the Three-Factor Eating Questionnaire (TFEQ) (8) (9) (10) (11) (12) or the Dutch Eating Behavior Questionnaire (13) (14) (15) . In addition, EmE is known to be associated with binge eating disorders (BEDs) (16, 17) , which are major health issues because of their potential roles in the development of obesity or eating disorders (18, 19) . Despite the potential importance of EmE regarding obesity prevention, there are still limited data to allow the identification of groups at greater risk of overweight in association with EmE, which would permit the design of more focused public health prevention strategies.
The literature contains conflicting results regarding a potentially different association between EmE and weight status according to sex, with a greater strength of association in women than men (12) , a comparable level of association in both sexes (11) , and an association in men only (10, 14) or in women only (20) .
Dieting to lose weight is common in women and, to a lesser extent, in men of all ages (21) . Although there are many approaches to weight loss, the most common strategy consists in the restriction of energy intake (21) . The dietary restraint theory suggests that cognitive control of food intake, which occurs during dieting, might impair biological regulation processes (22) . Consequently, when emotions or external cues interfere with cognitive restriction, dieters could be more likely to lose control over their eating. Former or current dieters have higher scores of EmE than do subjects without a history of dieting (12) . Thus far, the literature indicated no moderating effect of dieting history on the association between EmE and weight status (12) , but this issue deserves additional investigation.
The purpose of this study was to explore the association of EmE with weight status. Two approaches were adopted. We considered BMI as a continuous variable to explore the association over the whole range of BMIs, and in contrast, we looked at overweight as a binary outcome because of its effect on morbidity and mortality (1). Our second objective was to investigate whether sex and dieting status (never, former, or current dieters) could modify the association between EmE and BMI or overweight in a large sample of subjects of the NutriNet-Santé study.
SUBJECTS AND METHODS

Population
Subjects were participants of the NutriNet-Santé study, which is a large, ongoing, Web-based, prospective observational cohort of adults launched in France in May 2009 that was designed to investigate the relation between nutrition and health (eg, incidence of ischemic heart disease, cancers, and overall mortality) as well as determinants of dietary behavior and nutritional status. With the use of a dedicated website, the recruitment of adult volunteers (aged $18 y) is planned for 5 y with an additional follow-up of 10 y. The design, methods, and rationale of the study have been thoroughly described elsewhere (23) . Briefly, to be included in the study, participants completed a set of questionnaires that focused on diet, physical activity, anthropometric measures, lifestyle, socioeconomic conditions, and health status. As part of their follow-up, participants completed this set of questionnaires every year. Moreover, each month, participants were invited to fill in optional questionnaires related to determinants of food behavior and nutritional and health status. The study was conducted in accordance with the Declaration of Helsinki, and all procedures were approved by the International Research Board of the French Institute for Health and Medical Research (0000388FWA00005831) and the Commission Nationale Informatique et Libertés (908450 and 909216). Electronic informed consent was obtained from all participants.
Data collection
Anthropometric measures
Self-reported height and weight data collected at 12 mo after inclusion were used. Subjects were advised to report the height and weight measures that they were most confident with, such as assessed by a doctor at a medical examination or occupational health. When no recent measure of weight was available, participants were asked to perform the measure by themselves if a scale was available at home. Detailed instructions for weight measurements were provided as follows: the scale must be placed on a plane surface and weight must be equally distributed on both feet; subjects should be lightly dressed without shoes, and the measure should preferably be performed in the morning; if possible, another household member should read the value on the scale. Results must be rounded off as follows: 0.1-0.4 kg must be rounded down to the next kilogram, and 0.5-0.9 kg must be rounded up to the next kilogram. Data in pregnant women were not collected. BMI (in kg/m 2 ) was calculated as the ratio of weight to the square of height. Subjects were classified as underweight or normal weight (BMI ,25), overweight (including obesity; BMI $25), or obese (BMI $30) according to WHO reference values (1).
Dieting practices
Data on dieting practices reported at 12 mo postinclusion were used. Specifically, participants were asked "Are you currently dieting in order to lose weight?" Participants with a positive answer to this question were identified as current dieters independent of previous dieting history. Participants were also asked about their dieting practices throughout their lives by using the following question "In the past, have you been dieting in order to lose weight?" Subjects with a positive answer to this question and who were not currently dieting were identified as former dieters. Finally, subjects with negative answers to both questions were identified as never dieters.
EmE
Eating behavior factors were assessed 14 mo after inclusion through the Web-based NutriNet-Santé study by using a French version of the revised 21-item TFEQ (TFEQ-R21) (24) . Completion of this questionnaire was optional. The questionnaire covered the following 3 aspects of eating motivation: cognitive restraint (6 items), EmE (6 items), and uncontrolled eating (9 items). Our study mainly focused on the EmE scale that measured the propensity to overeat in response to negative mood states (eg, when feeling lonely, nervous, or depressed). A typical response was "when I feel sad, I often eat too much." EmE items were measured by using 4-point scales that ranged from definitely true to definitely false. Possible scores ranged from 0 to 100 and higher scores indicate greater EmE. Because the EmE variable was not normally distributed, the following 3 categories were created on the basis of the median: no EmE (score = 0), low EmE (score .0 to ,44), high EmE (score $44). Cronbach's a coefficient showed excellent internal consistency of the EmE subscale in our sample (a = 0.93).
Covariates and moderators
Variables suggested in the literature to have an effect on EmE, weight status, or relations between EmE and weight status were recorded. Age (11) (12) (13) , sex (8, (11) (12) (13) , smoking status (never smoker, former smoker, or current smoker) (25) , education level (primary, secondary, or university) (11, 13) , and physical activity (11) were provided. Physical activity was declared by participants by using a short form of the French version of the International Physical Activity questionnaire, which was self-administered online (26) . The weekly energy expenditure expressed in metabolic equivalent task minutes per week was estimated, and 3 scores of physical activity were constituted [ie, low (,30 min/d), moderate (30-59 min/d), and high ($60 min/d)].
Statistical analyses
We selected subjects who had completed both the TFEQ-R21 and anthropometric questionnaire. The z, chi-square, or nonparametric Wilcoxon's rank-sum test was used to compare included and excluded subjects and assess sex differences. A linear regression analysis was performed to estimate the association between EmE categories and BMI. A logistic regression analysis was carried out to estimate the association between EmE categories and overweight (including obesity). Analyses were adjusted for sex, age, educational level, smoking status, physical activity, and dieting status. Missing data in the case of confounders were included as such in the analyses. For both regression analyses, similar procedures were followed. Interactions of EmE 3 sex and EmE 3 dieting status were tested. Variables and interactions that reached P , 0.15 in univariate models were further combined in a multivariate linear regression model. Factors with P . 0.05 were excluded from the final model if their exclusion did not modify other ORs by .10%. Because of the significant interactions of EmE with dieting and sex, all analyses were stratified by sex and dieting status. All tests of significance were 2-sided, and significance was set at 5%. Statistical analyses were performed with SAS software (version 9.1; SAS Institute Inc).
RESULTS
Characteristics of the sample
A total of 67,121 subjects received the TFEQ-R21 of the 99,031 subjects included in the NutriNet-Santé cohort and 40,152 completed the questionnaire. A total of 4511 subjects were excluded because of missing data for weight or height, which left 35,641 subjects available for analysis (27,061 women and 8580 men). Compared with excluded subjects, included subjects were more often men (P , 0.0001), were older (P , 0.0001), had a higher education level (P , 0.05), were less often smokers (P , 0.0001), less physically active (P , 0.0001), and had lower BMI (P , 0.0001). No difference in the history of dieting was observed (P . 0.05).
Characteristics of the population are presented in Table 1 . Compared with nonoverweight subjects, the overweight group included a higher percentage of men, a lower percentage of current smokers, and a higher percentage of former smokers. Compared with non-overweight subjects, overweight respondents were more physically active, had lower education levels, and were more likely to have a history of dieting to lose weight. In addition, overweight respondents had higher scores of cognitive restraint, uncontrolled eating, and EmE than did nonoverweight subjects.
In our sample, the prevalence of overweight (including obesity) increased with the EmE score (21.9% in subjects without EmE, 25.0% in subjects with a low EmE score, and 39.1% in participants with a high EmE score [chi-square (2 df) = 929, P , 0.001)]). Fewer men were emotional eaters (42% of men in the no-EmE category, 32% of men in the low-EmE category, and 11% of men in the high-EmE category [chi-square (2 df) = 2205, P , 0.001]). Participants who never dieted were less-often emotional eaters (80.3% of never dieters in the no-EmE category, 69.3% of never dieters in the low-EmE category, and 47.5% of never dieters in the high-EmE category [chi-square (4 df) = 2631, P , 0.001]).
Median EmE scores in women were 33, 50, and 61 in never, former, and current dieters, respectively, whereas in men, median EmE scores were 17, 33, and 39, respectively.
Differential association of EmE with BMI according to sex and dieting status
We observed a significant interaction of EmE with sex (P , 0.0001) and dieting status (P , 0.0001). Results of the linear regression analysis that assessed the association between EmE and BMI, stratified by sex and dieting status, are shown in Table 2 . A positive linear association appeared between EmE and BMI for most categories of sex and dieting status. Associations were clearly stronger in women than men. In men, the association was stronger in never dieters than former dieters, whereas no association was shown in current dieters. In women, the association was strongest in respondents with no history of dieting than in former or current dieters. Models adjusted for age only showed no substantial difference (data not shown). Adjusted means of BMI according to the level of EmE, sex, and dieting status are presented in Figure 1 .
Differential association of EmE with overweight according to sex and dieting status
We observed a significant interaction of EmE with sex (P , 0.0001) and dieting status (P , 0.0001). Results of the logistic regression analysis that assessed the association between EmE and overweight, stratified on sex and dieting status, are shown in Table 3 . A positive linear association between EmE and overweight appeared for most categories of sex and dieting status. In general, associations appeared to be greater in women than men, particularly in subjects who never dieted. In men, the strength of the association was comparable in all dieting status categories. In women, the association was clearly stronger in subjects who never dieted than in former or current dieters. Models adjusted for age only showed no substantial difference (data not shown).
DISCUSSION
Our results showed a strong association between EmE score, BMI, and overweight for most categories of sex and dieting status. Strongest associations were shown in women and, in particular, in women who never dieted compared with current and former dieters. Similarly, in men, the association with BMI was greatest in never dieters, although when overweight was considered, the association was comparable in all dieting groups. Greater scores of EmE were observed in women and, more particularly, in current dieters.
EmE score and weight status
A high EmE was largely prevalent in this sample of the NutriNet-Santé cohort. Absolute scores of EmE observed in this population were in the same range as in many studies (9, 12, 27, 28) although higher than in others (8, 29) . A substantial increase EMOTIONAL EATING AND WEIGHT STATUS in EmE in the past 2 decades has been observed, but the reasons for this increase remain unclear (13) .
In our large sample, a higher EmE score was associated with higher BMI and increased risk of overweight. In agreement, several cross-sectional studies indicated a positive association between EmE and BMI by using the TFEQ (8-10) or Dutch Eating Behavior Questionnaire (13, 14, 20) and increased risk of overweight in subjects with greater EmE (9, 13). These findings raised the question of causality. Two longitudinal studies suggested that EmE could exert deleterious consequences on longterm weight status (15, 30) . However reverse causality (ie, weight changes that lead to modification in EmE level) might coexist. Weight gain might lead to negative psychological outcomes (31) , which, in turn, may cause higher levels of EmE (32) . Such reverse causality has been shown for cognitive restraint, which is another trait measured by the TFEQ, whereby cognitive restraint led to weight changes (33) and body weight influenced dietary restraint (34) .
These results suggested that emotional states can have important effects on weight. Several studies have shown that negative emotions, such as anger, depression, boredom, anxiety, or loneliness could cause overeating (3, 5) . In particular, subjects with higher EmE scores were shown to have a larger consumption of high-density food, such as cakes, biscuits, and oleaginous fruits (27) , sweet high-fat foods (6), chocolate, crisps, and biscuits (35) , and a greater liking for sweet-and-fatty foods (29) compared with that of subjects with lower EmE scores. Other studies showed that people with low EmE ate less snack foods during a sad movie or after stress than during a neutral movie or a control task, whereas people with high EmE ate more (36) . Because the biologically adaptive response to distress is a decrease of intake, it has been suggested that overeating in response to emotion is a learned behavior (37) . Several exploratory mechanisms have been proposed, including the use of eating as a source of comfort or the difficulty to distinguish hunger from other unpleasant internal states (38) , possibly because of inappropriate learning experiences during childhood (39) . In agreement with this notion, an association between EmE scores of daughters and mothers was evidenced (28) . EmE and BED are interrelated (16, 17) . Binge eaters could use eating to decrease their negative emotions or be distracted from these emotions while eating (40) ; binge eaters might also lack specific coping strategies that make them more vulnerable to lossof-control overeating (41) . Public health strategies that aim at lowering the EmE level might exert beneficial effects on both overweight and BED.
Effect of sex and dieting status
Women had greater scores of EmE than did men in all groups of dieting status, which confirmed data of the literature that indicated greater EmE in women (12, 20, 27) . EmE has been shown to emerge during adolescence, particularly in female adolescents who carry the 5-HTTLPR short allele (42) . Women also showed a greater association between EmE and BMI or rate of overweight, which supported data of a previous study that showed a slightly greater association in women than men (12) . Other studies showed diverging results such as a similar association in both sex (11) , an association in men only (10, 14) , or an association in women only (20) . The greater association observed in women could suggest that, independent of the level of EmE, overeating after an emotion is more marked in this group, with, eg, the consumption of larger portions or selection of more energy-dense food. However, no clear evidence for this hypothesis has been given in the literature (6, 27) . A counterinfluence of dietary restraint is unlikely in men because in our study, as in the literature (27, 43) , men had lower scores of restraint than women.
In agreement with the literature, our results highlighted greater scores of EmE in former or current dieters than subjects who had no history of dieting (12) . The high score of EmE observed in dieters and even in former dieters is likely to participate in diet failure and relapse after weight loss. This result could be explained by the fact that people deliberately restrict their intakes when under a diet and would, therefore, be more likely to overeat in response to emotional states (44, 45) . However, it is unclear whether dieting affects EmE or whether a high level of EmE might predispose someone to diet. It was previously shown that dieting leads to an increase in levels of cognitive restraint (46, 47) as measured by the TFEQ. Although scores of EmE are higher in current dieters or former dieters than never dieters, our results indicated that EmE was most strongly associated with BMI in this last group. In another study, EmE measured by using the TFEQ was positively associated with both BMI and waist circumference with no difference according to diet history (12) . Our observation was inconsistent with the hypothesis that subjects with dietary restraint are more vulnerable to losing control over their eating, which leads to greater weight. However, the association between high EmE and greater weight in dieters was likely to be confounded by current food restriction, whereas this was not the case in never or former dieters. Individuals who dieted in the past showed an intermediate positioning between never and current dieters. These results suggested that behavior acquired while dieting could persist after the end of the diet.
Strengths and limitations
An important strength of the study was its large sample size with subjects of various sociodemographic characteristics and weight status, which allowed for a high precision estimate and multiple stratifications. The wide range of sociodemographic and lifestyle covariates assessed is another strength of the study, 
Mean adjusted BMI (95% CI) in relation to categories of emotional eating in the NutriNet-Santé cohort by sex and dieting status (n = 35,641). BMI was adjusted for age, education level (primary, secondary, or university), smoking status (never smoker, former smoker, or current smoker), and physical activity (low, moderate, or high). The thin dashed line denotes no emotional eating, the bold dashed line denotes low emotional eating, and the solid line denotes high emotional eating. Analyses were stratified by sex and dieting status given the following interactions: emotional eating 3 sex (P , 0.0001) and emotional eating 3 dieting status (P , 0.0001).
although other important confounders might have been omitted. For example, a potential confounding effect of cognitive restraint could not be taken into account because of its collinearity with EmE. The TFEQ-R21 questionnaire is robust regarding factor structure and construct validity (24) with good internal consistency (48) .
The main limitation of our study was its cross-sectional design that could not address the question of causality. Previous data suggested that EmE would lead to gain weight in the long term (15, 30) . However, a potential reverse or bidirectional causality could not be excluded. The greater strength of association observed in specific groups may have also been partly due to the wider range of EmE in these groups (49) . The generalizability of the findings is open to question because participants in a longterm cohort are likely to be particularly health conscious and interested in nutritional issues. Nutritional status was assessed by self-reporting and may have led to misclassification. However, self-reported data are reliable for the identification of relations in epidemiologic studies (50) . In an additional study that used data from a subsample of 1733 subjects who attended a visit for the assessment of clinical data and answered the anthropometric questionnaire 3 d before the clinical examination, a very good agreement between self-reported and measured BMI was observed, with a Spearman's rank correlation of 0.98. The weighted k for agreement between BMI classes (normal, overweight, and obese) was 0.88. Finally, the sensitivity for overweight (including obesity) was 83.9%, and the specificity was 99.6%; for obesity, the sensitivity was 85.3%, and the specificity was 100%. With respect to the dieting status, we did not take into account its duration or the type of diet. However, the collection of these data is particularly prone to memory bias.
In conclusion, our results show a strong association between the EmE score and weight status (both BMI and overweight) with a modification effect of sex and dieting status. The strongest association with weight status was shown in women and, in particular, in women who never dieted. Similarly, in men, the association between EmE and BMI was greater in never dieters, whereas the association between EmE and overweight was comparable in all dieting groups. These results show that psychological factors and, in particular, EmE should be taken into account when attempting to prevent or treat overweight and obesity and, more particularly, in women without a history of dieting. Prospective studies are needed to identify causality and to examine the dietary behaviors that mediate the association between EmE and weight status.
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